ABSTRACT Background: Exercise intensity may affect the selective loss of abdominal adipose tissue. Objective: This study showed whether aerobic exercise intensity affects the loss of abdominal fat and improvement in cardiovascular disease risk factors under conditions of equal energy deficit in women with abdominal obesity. Design: This was a randomized trial in 112 overweight and obese [body mass index (in kg/m 2 ): 25-40; waist circumference .88 cm], postmenopausal women assigned to one of three 20-wk interventions of equal energy deficit: calorie restriction (CR only), CR plus moderate-intensity aerobic exercise (CR 1 moderate-intensity), or CR plus vigorous-intensity exercise (CR 1 vigorous-intensity). The diet was a controlled program of underfeeding during which meals were provided at individual calorie levels ('400 kcal/d). Exercise (3 d/wk) involved treadmill walking at an intensity of 45-50% (moderate-intensity) or 70-75% (vigorous-intensity) of heart rate reserve. The primary outcome was abdominal visceral fat volume. Results: Average weight loss for the 95 women who completed the study was 12.1 kg (64.5 kg) and was not significantly different across groups. Maximal oxygen uptake ( _ VO 2 max) increased more in the CR 1 vigorous-intensity group than in either of the other groups (P , 0.05). The CR-only group lost relatively more lean mass than did either exercise group (P , 0.05). All groups showed similar decreases in abdominal visceral fat ('25%; P , 0.001 for all). However, changes in visceral fat were inversely related to increases in _ VO 2 max (P , 0.01). Changes in lipids, fasting glucose or insulin, and 2-h glucose and insulin areas during the oral-glucosetolerance test were similar across treatment groups. Conclusion: With a similar amount of total weight loss, lean mass is preserved, but there is not a preferential loss of abdominal fat when either moderate-or vigorous-intensity aerobic exercise is performed during caloric restriction. This trial was registered at clinicaltrials.gov as NCT00664729.
INTRODUCTION
The prevalence of obesity increases with age and is highest among middle-aged and older women (1) . In addition, redistribution of body fat from the gluteofemoral to the abdominal region often occurs after menopause in women (2, 3) . This excess adipose tissue in the abdomen, especially around visceral organs, increases metabolic risk of cardiovascular disease (CVD) independent of the total amount of adipose tissue (4, 5) . In fact, evidence-based guidelines on the management of obesity promote the use of waist circumference as a measure of abdominal obesity for predicting excess relative risk of disease in overweight and class I obese persons [body mass index (BMI; in kg/m 2 ): 25.0-34.9] (6). Therefore, therapies that selectively target the loss of abdominal fat may be more effective at reducing the CVD risk attributed to obesity in postmenopausal women.
The current consensus is that a combination of a hypocaloric diet and regular aerobic exercise is the most effective treatment of abdominal obesity. Current practice guidelines advocate inclusion of physical activity for 30 min/d most days of the week, increasing, when appropriate, to 60 min/d as part of an overall obesity treatment program (7) (8) (9) . However, although a greater total volume of exercise (in kcal expenditure as a function of exercise intensity, duration, and frequency) results in greater loss of total and abdominal fat and better metabolic profiles (10) (11) (12) (13) (14) (15) , the ideal intensity of exercise for a given level of caloric ex-penditure necessary to maximize these health benefits is not known. Observational studies indicate that, compared with reported low-to moderate-intensity physical activity, higherintensity activity is associated with less total and abdominal obesity and reduced risk of CVD, independent of the total energy expenditure of exercise (16) (17) (18) (19) (20) . In addition, some intervention trials show that, in normal-weight persons, vigorousintensity exercise training, performed in the absence of caloric restriction, results in greater improvement in risk factors of CVD than low-or moderate-intensity training (21) (22) (23) (24) . Thus, the intensity of exercise may be an important factor affecting the selective loss of abdominal fat and improvement in CVD risk when combined with caloric restriction.
The primary purpose of this trial, the Diet, Exercise, and Metabolism for Older Women Study, was to determine whether intensity of aerobic exercise affects the loss of abdominal (both subcutaneous and visceral) adipose tissue and improvement in CVD risk factors (glucose tolerance and HDL-cholesterol and triglyceride concentrations) under controlled conditions of equal energy deficit in postmenopausal women with abdominal obesity.
SUBJECTS AND METHODS

Design overview
The Diet, Exercise, and Metabolism for Older Women Study (2003) (2004) (2005) (2006) (2007) ) was a randomized trial comparing the effects of 1) caloric restriction alone (CR only), 2) caloric restriction plus moderate-intensity aerobic exercise (CR 1 moderate-intensity), and 3) caloric restriction plus vigorous-intensity exercise (CR 1 vigorous-intensity). The diet included a controlled program of underfeeding during which meals were prepared and provided at individual calorie levels. The degree of caloric restriction was adjusted so that total caloric deficit ('400 kcal/d; 2800 kcal/wk) was similar for all groups. All exercise sessions (3 d/wk) were supervised. The study was statistically powered to detect group differences in the primary outcome of abdominal visceral fat volume and in the secondary outcomes of glucose tolerance and HDL-cholesterol and triglyceride concentrations. The study and protocol were approved by the Wake Forest University School of Medicine Institutional Review Board, and all participants provided written informed consent. A subset of the data collected during this trial was published previously (25) (26) (27) (28) .
Setting and participants
Women from Forsyth County, NC, and the surrounding areas were recruited through local advertisement. Women were enrolled based on the following criteria: 1) abdominal obesity (BMI: 25-40; and waist circumference . 88 cm), 2) age (50-70 y), 3) postmenopausal status (no menses for .1 y), 4) nonsmoking (for .1 y), 5) not on hormone replacement therapy, 6) sedentary (,15 min exercise 2 times/wk in the past 6 mo), and 7) weight stable (,5% weight change) for !6 mo before enrollment.
A total of 1078 women were initially screened by telephone ( Figure 1) . Of those women, 147 were further screened in the clinic and underwent a medical history review, physical examination, cognitive (Mini-Mental State Examination) and depression (Center for Epidemiologic Studies Depression Scale) screening, fasting blood draw, and 12-lead resting electrocardiogram. Those women with evidence of untreated hypertension (blood pressure .160/90 mm Hg) or depression (Center for Epidemiologic Studies Depression Scale .16); hypertriglyceridemia (triglycerides .400 mg/dL or 4.5 mmol/L); insulindependent or uncontrolled diabetes (fasting glucose .140 mg/dL or 7.7 mmol/L); active cancer, liver, renal, or hematologic disease; cognitive dysfunction (Mini-Mental State Examination ,25); or other medical disorders that could affect the results or compliance were excluded. Medication use was also recorded, and women were excluded if they were currently taking medications known to affect body weight (except thyroid medication, statin therapy, or oral hypoglycemic medication). A total of 6 women were taking thyroid medication (evenly distributed among groups), 8 were taking statins (n ¼ 2, 4, and 2 in the CRonly, CR 1 moderate-intensity, and CR 1 vigorous-intensity groups, respectively), and 7 were taking oral hypoglycemic medication (n ¼ 2, 4, and 1 in the CR-only, CR 1 moderateintensity, and CR 1 vigorous-intensity groups, respectively). No difference was observed in the mean amount of weight lost among these women and those not taking these medications (data not shown). On successful completion of the initial screening, 119 women attended another screening visit in which they underwent a graded exercise test to voluntary exhaustion to exclude those with exercise-induced ischemia (29) . All women with abnormal test results were referred to their physician for evaluation.
Participants who were medically eligible for the study were next interviewed by the General Clinical Research Center (GCRC) dietitian to discuss food preferences and to ascertain their willingness to comply with the dietary intervention. They also underwent a 7-d dietary run-in to assess their compatibility with the study menus and their compliance with picking up food 3 d/wk. Three women failed this run-in and were considered ineligible for the study.
Randomization and interventions
A total of 112 women met all study criteria and were randomly assigned (before baseline assessments) to 1 of the 3 interventions ( Figure 1 ) by random number generation. We anticipated a greater loss to follow-up in women assigned to exercise; therefore, we enrolled 10% more women in these groups.
The goal of the dietary intervention was to elicit a similar energy deficit and amount of total weight loss between the 3 groups. Individual diets were developed by a registered dietitian (RD) and provided to each woman by the GCRC metabolic kitchen. On entry into the study, all women completed a 4-d food record, which was used as an initial measure of dietary habits. Individual energy needs for weight maintenance were calculated from each participants' resting metabolic rate (by using a MedGraphics CCM/D cart and BREEZE 6.2 software (MedGraphics, St Paul, MN) for indirect calorimetry after an overnight fast) and an activity factor based on self-reported daily activity (1.2-1.3 for sedentary lifestyle). The calorie deficits of all women were adjusted to '2800 kcal/wk ('400 kcal/d), but no woman was provided with ,1100 kcal/d. The deficits for the CR-only group resulted totally from reduction in dietary intake, whereas deficits for the CR 1 moderate-and vigorous-intensity exercise groups resulted from both reductions in dietary intake and exercise energy expenditure. Participants in the CR-only group were asked not to alter their sedentary lifestyle throughout the course of the study.
Throughout the course of the 20-wk intervention, all women were provided with daily lunch, dinner, and snacks. These meals were prepared according to each participant's choices from a menu designed by the RD. In consultation with the dietitian, women purchased and prepared their breakfast meal from a provided menu plan. They were asked to eat only the food that was given to them or that was approved from the breakfast menu. The macronutrient content was '25-30% fat, 15-20% protein, and 50-60% carbohydrate. Women were allowed to consume as many noncaloric, noncaffeinated beverages as they liked. They were also allowed 2 free days per month during which they were not provided food, but they were given guidelines for diet intake at their prescribed energy level and asked to report all food and beverage intake on these days. All women were provided with daily calcium supplements (500 mg, 2 times/d). They picked up their food 3 times/wk and were asked to keep a log of all foods consumed. The records were monitored weekly by the RD to verify compliance.
The goal of the exercise intervention was to test the specific effects of exercise intensity, while holding energy expenditure attributable to an exercise constant (at '700 kcal/wk which is consistent with the 8 kcal Á kg body weight 21 Á wk 21 reported as the dose for sedentary, obese postmenopausal women who follow the public health exercise recommendation) (12) . This was accomplished by altering the duration of exercise between the exercise groups. Participants exercised 3 d/wk under the supervision of an exercise physiologist. Blood pressure and heart rate were measured before each exercise session, and participants warmed up by walking for 3-5 min at a slow pace. After flexibility exercise, women walked on a treadmill at an intensity of 45-50% (moderate-intensity) or 70-75% (vigorous-intensity) of 
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heart rate reserve (HRR). Exercise progressed from 20-25 min the first week to 55 min by the end of the sixth week and thereafter for the moderate-intensity group. The duration of exercise for the vigorous-intensity group progressed from 10-15 min the first week to 30 min by the end of the sixth week and thereafter. Treadmill speed and grade were adjusted on an individual basis to ensure women exercised at their prescribed exercise intensity based on each woman's target heart rate calculated from the Karvonen equation [(HRR 3 intensity) 1 resting heart rate] (30), where HRR is the maximal heart rate, obtained from each subject's maximal oxygen uptake ( _ VO 2 max) test, minus resting heart rate. At least 2 heart rate readings (measured by Polar heart rate monitors; Polar Electro Inc, Lake Success, NY) were taken during each exercise session and recorded in a log book to monitor compliance to the prescribed exercise intensity.
Outcomes and follow-up
Dietary intake, body composition, abdominal fat, _ VO 2 max, lipoprotein lipids, and glucose tolerance were measured at baseline and after the 20-wk interventions. All procedures were performed at the GCRC or the Geriatric Research Center in the J Paul Sticht Center on Aging. Staff that measured the primary (abdominal visceral fat volume) and secondary (CVD risk factors) outcomes were blinded to group assignment.
Body composition and fat distribution
Height and weight were measured with shoes and outer garments removed. Whole-body fat mass, lean mass, and percentage body fat were measured by dual-energy X-ray absorptiometry (Hologic Delphi QDR, Bedford, MA). Waist (minimal circumference) and hip (maximal gluteal protuberance) were measured in triplicate, and waist-to-hip ratio was calculated. Visceral and subcutaneous adipose tissue volumes around the abdomen were measured by multidetector computed tomography (GE Medical Systems, Milwaukee, WI). Women were positioned supine, with the arms above the head and legs positioned flat. Computed tomography slices within 15 mm centered at the L4-5 level were obtained. Quantitative measures of adipose tissue volume were obtained with the Advantage Windows 4.2 Volume Viewer (GE Healthcare, Waukesha, WI). Visceral fat was defined as fat enclosed by the inner aspect of the abdominal wall, and subcutaneous fat was defined as fat outside the outer aspects of the abdominal wall. The same technician analyzed all scans, and the intraclass correlation coefficient of the measurement of visceral fat volume in our laboratory is 0.99.
Maximal oxygen uptake
_ VO 2 max was measured on a treadmill (Medical Graphics Corporation, Minneapolis, MN) during a progressive exercise test to voluntary exhaustion. A ramp treadmill protocol was used-the speed was set at a constant rate according to individual ability, and the incline increased at small intervals continuously throughout the test (31) . Avalid _ VO 2 max was obtained when at least 2 of these 3 criteria were met: 1) plateau in _ VO 2 (,200 mL/min change) with increasing work rate, 2) maximal heart rate .90% of agepredicted maximal heart rate (220 beats/min for age), and 3) respiratory exchange ratio of !1.10. If the participant did not reach these criteria, the test was repeated.
Lipoprotein lipids
Blood samples were collected in EDTA-treated evacuated tubes by venipuncture in the early morning after a 12-h fast on duplicate testing days both before and after the interventions. The values reported are the average of these 2 d. Plasma triglycerides, total cholesterol, HDL cholesterol, and LDL cholesterol were measured by standardized hospital laboratory methods.
Oral-glucose-tolerance test
After an overnight fast, a 20-gauge polyethylene catheter was placed in an antecubital vein to facilitate blood sampling. Blood samples were drawn before (210 and 0 min) and after (30, 60, 90 , and 120 min) a 75-g glucose ingestion. Plasma glucose was measured with the glucose hexokinase method (Bayer Diagnostics, Tarrytown, NY). Plasma insulin was determined by a chemiluminescent immunoassay with the use of an IMMULITE analyzer (Diagnostics Products Corporation, Los Angeles, CA). Glucose and insulin areas were determined using Tai's model: 1/2 3 30 3 (y 0min 1 2y 30min 1 2y 60min 1 2y 90min 1 y 120min ), where y represents insulin or glucose at the different time points (32) .
Statistical analysis
On the basis of prior data, we calculated that completion of 30 women per group would provide !85% power (a probability of 0.05) to detect a statistically significant overall group difference in our primary outcome of abdominal visceral fat volume, and !80% power to detect group differences in our secondary outcomes. All analyses were performed with the use of SAS software, version 9.1 (SAS Institute, Cary, NC), and an a of 0.05 was used as the type I error rate. All analyses were conducted under the intent-to-treat model with intervention assignment based on the assigned intervention at time of randomization. Baseline characteristics are reported as mean (6SD) or as frequency in percentage. Absolute changes in all outcomes were calculated as baseline value subtracted from the follow-up value (after intervention). Group differences for baseline and change values were analyzed with the use of one-way analysis of variance. Within-group differences between baseline and follow-up values were determined with a paired t test.
Simple bivariate correlation and regression analyses were performed to examine relations between mean changes in the primary and secondary outcomes with baseline values of these outcomes, changes in body weight, changes in _ VO 2 max, age, and race in all women combined. In addition, multiple stepwise linear regression analysis was used to model postintervention values of abdominal visceral fat volume, HDL-cholesterol and triglyceride concentrations, and glucose tolerance with baseline values, total amount of weight loss, change in visceral fat (for the metabolic variables), change in _ VO 2 max, race, and treatment group as factors in the model.
RESULTS
A total of 95 women completed the study and returned for follow-up testing (85% retention). Most (n ¼ 11) of the 17 women who dropped out did so reportedly because of life changes unrelated to the study interventions, including unanticipated illness, change in work schedules, new time constraints, relocation, or family circumstances. Three women dropped out because of incompatibility with the dietary intervention, and 1 woman did not provide a reason. There were 2 adverse events (pneumonia and sinusitis with medication reaction) that led to dropout, and both were unrelated to study participation. The 17 women who dropped out of the study did not differ from women who completed the study for any baseline characteristic (data not shown). A total of 5 women assigned to exercise (4 in the CR 1 moderateintensity group and 1 in the CR 1 vigorous-intensity group) completed the study and stayed on the prescribed diet throughout the 20-wk intervention but discontinued exercising within the first 2 mo because of time restraints (n ¼ 2) or chronic, reoccurring injuries (n ¼ 3). Data from all women were analyzed according to original group assignment.
Participant demographics and physical characteristics at baseline for all randomly assigned women are shown in Table 1 . There were no differences among groups for any of these variables, and this was also true when only data from those women who completed the study (eg, n ¼ 95) were compared. Overall, women were an average age of 58.4 y, 14.1 y past menopause, and mainly white (65%). Their upper-body obesity is reflected by a high waist circumference, waist-to-hip ratio, and abdominal visceral fat volume. The low maximal aerobic fitness level reflects their sedentary status. Of note, although there was large interindividual variability in baseline reported energy intakes (likely because of differences in energy needs as well as accuracy with self-reported dietary intake), there were no group differences.
The study intervention prescription and compliance data for women who completed the study are shown in Table 2 . The average estimated weight maintenance energy level (determined from each woman's resting metabolic rate and activity factor) and the average reduction in energy intake did not differ among groups. The levels of calorie restriction comprised an '19-20% reduction (for the exercise groups) and a 23% reduction (for the CR-only group) in daily energy intake needed for weight maintenance. Self-reported compliance with the dietary intervention showed excellent compliance (Table 2) ; however, as noted below, interindividual variability in weight loss suggests that self-report measures of compliance may not be accurate for all women. Also of note, the actual exercise intensity (recorded heart rates during exercise) and duration matched the prescribed intensity and duration for each of the exercise groups ( Table 2 ).
The average weight loss for all women was 12.1 6 4.5 kg (13.4 6 4.6%) and was not significantly different among groups ( Table 3 ). The range of weight loss was 1.2-23.1 kg: 94% of the women lost !5 kg, and 85% of the women lost !7 kg. Both fat and lean mass decreased significantly with each intervention Table 3 ) within each group by 9.6 6 11.2%, 12.7 6 12.7%, and 24.2 6 27.6% for the CR-only, CR 1 moderateintensity, and CR 1 vigorous-intensity groups, respectively ( Table  3 ). The mean change in relative _ VO 2 max was larger in the CR 1 vigorous-intensity group than in either of the other groups (P , 0.05 for both comparisons). The increase in relative _ VO 2 max in the CR-only and CR 1 moderate-intensity groups was likely because of the decrease in body weight, because there were no significant within-group changes for absolute _ VO 2 max. All 3 groups showed significant and similar decreases in waist and hip girths (P , 0.001), as well as waist-hip ratio (P ¼ 0.003; Table 3 ). Likewise, the primary outcome of abdominal visceral fat volume decreased similarly among groups (P , 0.001), as did the abdominal subcutaneous fat volume (P , 0.001) and the ratio of visceral to subcutaneous abdominal fat (P ¼ 0.003). The volume of visceral fat decreased by 25.5 6 10.5%, 27.2 6 12.3%, and 25.2 6 11.0% in the CR-only, CR 1 moderateintensity, and CR 1 vigorous-intensity groups, respectively. 1 CR, calorie restriction; HR, heart rate. 2 No significant difference among groups prescribed exercise was the final exercise goal; actual exercise was calculated after 6-wk ramp-up. 3 Mean 6 SD (all such values). 4 All exercise data are calculated without the 5 women who completed the study and stayed on the prescribed diet but discontinued exercising; percentage of attendance with these 5 women was 83.2 6 27.6% and 87.7 6 15.2% for the moderate-intensity and vigorous-intensity groups, respectively. 5 Of 53-58 possible days. 1 All values are means 6 SDs. CR, calorie restriction; _ VO 2 max, maximal oxygen uptake; bw, body weight; WHR, waist-hip ratio; VSF, visceralsubcutaneous fat.
2 Decreases within each group for all body composition and fat distribution variables were significant, P , 0.0001 for all, except WHR and VSF, P ¼ 0.003 (paired t test). Increases within each group for relative _ VO 2 max were significant, P , 0.05; changes within group for absolute _ VO 2 max were not significant. 3 Significantly different from the CR-only and CR 1 moderate-intensity groups, P , 0.05 (one-factor ANOVA).
Baseline values and changes in lipoprotein lipids, fasting glucose and insulin, and 2-h glucose and insulin areas during the oralglucose-tolerance test are shown in Table 4 . All variables were similar at baseline across treatment groups. There were no differences among groups in the magnitude of change for any of these variables.
Data from all 95 women who completed the study were combined, and regression analyses were used to determine the independent predictors of the overall mean changes in abdominal visceral fat volume, HDL-cholesterol and triglyceride concentrations, and glucose tolerance. Simple correlation analyses showed that decreases in abdominal visceral fat were strongly inversely related to the amount of visceral fat at baseline (r ¼ 20.63, P , 0.001) and directly related to the amount of weight lost (r ¼ 0.61, P , 0.001). In addition, changes in visceral fat were inversely related to increases in relative _ VO 2 max (r ¼ 20.28, P , 0.01). White women lost more visceral fat than black women (white ¼ 2703 6 306 cm 3 , black ¼ 2396 6 297 cm 3 ; P , 0.001), and more visceral fat was lost with older age (r ¼ 20.23, P , 0.05).
No bivariate correlations were observed between changes in glucose tolerance (2-h glucose area), HDL-cholesterol or triglyceride concentrations, and age or changes in _ VO 2 max in these women. Changes in glucose tolerance correlated inversely with the baseline glucose area (r ¼ 20.69, P , 0.001) and with the amount of weight (r ¼ 0.26, P , 0.05) and visceral fat (r ¼ 0.28, P , 0.05) lost but did not differ by race. Changes in HDLcholesterol concentrations were inversely related to baseline HDL (r ¼ 20.48, P , 0.001), but not to race, or to changes in the amount of weight or visceral fat lost (all P . 0.10). Changes in triglyceride concentrations were also inversely related to baseline triglycerides (r ¼ 20.61, P , 0.001) and were directly related to the amount of weight (r ¼ 0.27; P , 0.01) and visceral fat (r ¼ 0.29, P , 0.01) lost. In addition, triglyceride concentrations decreased more in white (230.4 6 42.7 mg/dL) than in black (27.8 6 27.1 mg/dL) women (P , 0.01).
The independent predictors of postintervention values of our primary (visceral fat) and secondary (glucose tolerance, HDL cholesterol, triglycerides) study outcomes are shown in Table 5 .
Stepwise linear regression was used to model each outcome, with the baseline value of that outcome, change in body weight (and change in visceral fat for the metabolic variables), change in _ VO 2 max, race, and treatment group as factors in the model. The results showed that baseline visceral fat volume, amount of weight loss, and race were the only independent predictors of visceral fat at follow-up, and these factors accounted for 94% of the variation in the postintervention amount of abdominal visceral fat. After accounting for the initial values of each of the metabolic outcomes, only the amount of weight loss-and not changes in abdominal visceral fat volume, changes in _ VO 2 max, or race-contributed to the variance in glucose tolerance and HDL-cholesterol and triglyceride concentrations at follow-up.
DISCUSSION
Debate continues among health professionals about whether low-or moderate-intensity aerobic exercise is as beneficial as more-vigorous exercise for reducing abdominal obesity and maximizing improvements in CVD risk factors. Our results confirm that, with a similar amount of total weight loss, there is not a preferential loss of abdominal fat when either moderate-or vigorous-intensity aerobic exercise is performed during calorie restriction. All 3 groups reduced abdominal visceral fat by '25%. These results are in line with those showing that, when the energy deficit is matched, fat loss from the abdominal region is not enhanced by addition of aerobic exercise to calorie restriction in younger persons (33) . However, we did observe that changes in visceral fat were inversely related to increases in aerobic fitness, and addition of exercise did result in less lean mass loss.
Our results also show that addition of aerobic exercise of either intensity to the diet did not enhance improvements in the measured CVD risk factors in response to an equal amount of weight loss. Because most of these risk factors improved to a similar degree in each group, the effects of the weight loss itself appears to have ''trumped'' any potential benefits of the exercise. This conclusion is in line with other data showing that, when compared directly, weight loss has greater benefit for improving CVD risk than exercise in the absence of weight loss (34) (35) (36) , but that CVD risk profiles improve similarly with weight loss induced either by increasing energy expenditure with exercise or decreasing energy intake by diet (37, 38) . In addition, adding exercise to a weight-loss program does not always improve CVD risk beyond the weight loss alone (39) (40) (41) (42) . Moreover, improvements in glucose and lipid CVD risk factors with most prior exercise studies are more closely related to reductions in body weight, or total or abdominal fat or both, rather than with changes in aerobic fitness (36, 41, (43) (44) (45) (46) (47) (48) (49) (50) (51) . Our results are consistent with those studies because changes in the measured risk factors were not related to changes in _ VO 2 max, but improvements in glucose tolerance and triglyceride concentrations were related to total weight loss. However, systemic inflammation, an important CVD risk factor, was not measured in this study, and it may be that there are effects of exercise intensity in the context of fat loss on biomarkers of inflammation. Few prior studies examined the effects (on any outcome) of either intensity, duration, or frequency of exercise independent of their contribution to total exercise energy expenditure. Because vigorous-intensity exercise performed for a specific duration and frequency results in greater energy expenditure than low-or moderate-intensity exercise, differences in total expenditure need to be controlled to definitely determine any effects of exercise training intensity per se on changes in body composition and fat distribution. Existing data show that regular exercise performed at a higher intensity or duration or both results in greater loss of abdominal fat, even in the absence of measurable loss of total weight (10, 13-15, 52, 53) ; however, these findings can likely be attributed to differences in total energy expenditure of the exercise. In addition, even when compared with lower-intensity exercise of an equal energy deficit, vigorous-intensity exercise favors negative energy balance because of a greater postexercise energy expenditure but less postexercise energy intake (54, 55) . However, over the course of 20 wk, and in the setting of an even larger energy deficit induced by calorie restriction, our results did not show an effect of exercise intensity per se on location of fat loss.
Current practice guidelines suggest inclusion of physical activity for 30 min/d on most days of the week as part of an overall obesity treatment program (7) (8) (9) , yet the ideal intensity of exercise necessary to maximize potential benefit is not clear. The findings from the present clinical trial showing no added benefit of eucaloric vigorous-intensity aerobic exercise on the outcome of abdominal fat loss has important ramifications for optimizing and refining public health recommendations for treatment of abdominal obesity. Women in the vigorous-intensity group exercised, on average, at the equivalent of a fast walk with an incline, or a slow jog, compared with women in the moderateintensity group who walked at a slow pace with no incline. Because obese persons tend to prefer, and are more likely to engage in, low-or moderate-intensity (eg, slow walking) physical activity (56, 57) , it may be impractical and unnecessary to prescribe vigorous-intensity aerobic exercise as part of a weightloss therapy with the primary goal of treating abdominal obesity. However, we did observe other health benefits of performing exercise during calorie restriction. Specifically, there was a dose-response effect of exercise intensity on maximal aerobic capacity, and women who increased aerobic capacity more experienced greater loss of abdominal visceral fat. In addition, our study confirms prior data showing a benefit of performing exercise during calorie restriction for attenuating the loss of lean mass (39, (58) (59) (60) . Furthermore, there may be other benefits of performing aerobic exercise during energy restriction that were not assessed in the present study. For example, some data point to better long-term maintenance of weight loss when exercise is added to a dietary weight-loss intervention (61, 62) . The present study has several strengths, including the highly controlled interventions, which allowed us to examine the independent effects of 2 levels of aerobic exercise intensity on several clinically important health outcomes, without the confounding influence of differential exercise energy expenditure or differential weight loss. In addition, our study was conducted in abdominally obese, postmenopausal women-a population at high metabolic risk of CVD. However, there are several caveats to keep in mind when interpreting and translating our findings. Importantly, because the diet portion of the intervention was designed to eliminate group differences in total weight loss (eg, the 2 exercise groups consumed more calories), our results are only applicable in this context. We have shown that there is no ''preferential'' loss of abdominal fat with addition of exercise to a short-term period of calorie restriction, yet, in an uncontrolled setting, performing aerobic exercise while dieting could result in a larger negative energy deficit and therefore greater total and abdominal fat loss than dieting alone (60, 63, 64) . Also, the intervention was of relatively short duration in comparison to some weight-loss programs, and results may differ if the exercise and calorie restriction were extended to a year or more. The findings of this study should have important ramifications for refining current strategies for treatment of abdominal obesity and will contribute to knowledge about whether there is any advantage to performing vigorous-intensity exercise for treatment of obesity in abdominally obese, postmenopausal women.
